Streptococcus agalactiae (group B) was grown in Todd-Hewitt broth (36.4 g l-l, pH 7.8) in a Braun Fermenter (type B20) to investigate the conditions of optimal bacterial growth and maximal production of CAMP factor. The influence of different gas atmospheres (air, NZ, C 0 2 , and gas mixtures) on growth, CAMP production and chain length of S . agalactiue was studied.
The organisms grew best in the presence of 2% (w/v) glucose, at pH 6.2, with a constant flow of COZ. The number of diplococci and monococci under these conditions reached almost 80% of the total population.
I N T R O D U C T I O N
Group B streptococci (Streptococcus agalactiae) have been isolated in the past from animal (Stabelforth, 1937 (Stabelforth, , 1938 and human sources (Frey, 1938) . After the description of the serological classification scheme by Lancefield (1934) , group B strains were found to be the aetiological agents of various human infections, especially neonatal septicaemia and meningitis (Patterson & Hafeez, 1976) . In recent years they have also been identified as a cause of epidemics in units for the newborn (Anthony & Okada, 1977; Wilkinson, 1978) .
Since the introduction of the Todd-Hewitt broth (THB) medium (Todd & Hewitt, 1932) for haemolysin production by streptococci, only a few groups have grown streptococci in chemically defined media (Ogburn et al., 1958; Mickelson, 1964; Willett & Morse, 1966; van de Rijn & Kessler, 1980) . The last-mentioned group were able to grow different strains of streptococci to the same or mostly higher turbidities in chemically defined medium as compared with THB. However, all the strains cultivated were group A streptococci. Growth of streptococci in synthetic media, however, may alter their phenotypic properties which may result in a partial loss of virulence factors (van de Rijn & Kessler, 1980) . As with all streptococci, optimal growth and synthesis of extracellular products is highly dependent on carbohydrate metabolism (Buchanan & Gibbons, 1974; Jacques et al., 1979u, b) . Since group B organisms can use both the fermentative and oxidative pathways for carbohydrate degradation, the metabolic pathway followed is dependent on the individual conditions. Therefore, the concentration of oxygen in the gas atmosphere used for cultivation considerably influences the metabolism of the culture (Pulliam et al., 1980; Enfors & Molin, 1980) . The CAMP factor, first described by Christie et al. (1944) , has been shown to be associated with most group B isolates (Phillips et al., 1980) and was subsequently used for the rapid identification of group B strains. In order to study the nature of the CAMP factor it was essential to produce high concentrations of the factor in fermenter cultures. Since nutritional requirements and growth conditions have been largely studied with group A strains it was the aim of this work to investigate growth parameters of fermenter cultures of group B streptococci with respect to media, turbidities, CAMP factor production and the chain length of these organisms.
H . H U S E R AND OTHERS

M E T H O D S
Strain. Streptococcus agulactiue (T.C.C. strain no. 8181) was obtained from the Central Public Health Laboratory, Colindale, London. Organisms were streaked on to sheep-blood agar plates and incubated at 37 "C in a 5"; (viv) COz atmosphere for at least 12-24 h.
Prepurarion of' Staphylococcus aureus sphingomyelinase. Staphylococcus uureus (T 19 ATTC) was cultivated for 20 h at 37 "C in 3 1 batches of brain heart infusion (BHI) containing (1-I): 20 g glucose; 0.001 M-MgCl,; 0.15 MNaCl; 330 pg thiamin dichloride; 1.2 mg nicotinic acid and 0.05 M-KH,PO, (pH 7 4). The organisms were removed by centrifugation and the culture supernate was made up to 80% saturation with (NH,)$04 at pH 7.4 and 4 "C. The precipitate was collected by centrifugation at 16000 g, 4 "C for 20 min. It was dissolved in 0.05 MTrisIHC1 buffer, pH 7.4, containing 0.01 M-MgCl? and 0.15 M-NaCl. After extensive dialysis against the same buffer, the crude sphingomyelinase preparation was stored at -20 OC. The specific activity was determined according to Krug et al. (1979) .
Media. THB (code CM 189) was obtained from Oxoid, and BHI from Difco. All other chemicals and gases were of analytical grade.
Shakerjiask cultures. Erlenmeyer flasks (500 ml) containing 100 ml of medium (36.4 g THB I-' or 25 g BHI 1-I) were sterilized at 121 *C for 20 min. Glucose was then added to give final concentrations of 1, 2 and 5% (w/v) by adding the appropriate amount of sterile glucose solution (30%, wlv).
Frrmenter cultication. A 13.5 1 volume of THB (36.4 g 1-I) was sterilized in a Braun Fermenter (type B20) for 20 min at 121 "C. The fermenter was inoculated with 1-5 1 of a starter culture grown in THB for 6-8 h (A,,o 1.5-2.0) in flasks constantly shaken at 150 r.p.m. under aerobic conditions. Glucose was added to a final concentration of 1,2 or 57:, as mentioned above. The fermenter was operated for 6-8 h at 400 r.p.m. and 37 "C. The gas atmosphere was either Nz, air, C 0 2 or a mixture of COZ/H,/N2 (1 : 1 : 8, by vol.). When the culture was aerated, 1 1 of air min-'
(1 broth)-' was usually applied. Oxygen saturation was monitored with an O2 electrode. When other gases were used for ventilation, the gas flow was adjusted to 0.6 1 min-' by a rotameter.
During the growth cycle, samples of the culture were taken at different times to determine the A,,,,. In parallel, these samples were diluted with PBS [comprising 0.05 M-phosphate, pH 7-4 and 0.9% (w/v) NaCl] and 0.1 ml of each dilution transferred on to sheep-blood agar plates for viable counts. The plates were incubated at 37 "C in 5% CO, for 24 h and the colonies counted with a colony counter. Protein was determined according to Peterson (1977) based on the Lowry method, with BSA as the standard.
Determinution of CAMP,fuctor actitity. Sheep erythrocytes were washed three times in PBS by centrifugation.
Packed cells were then diluted in PBS to about 1.5 x 1 0, cells ml-' . A 10 pl volume of this suspension was added to 1.4 ml 0.01 M-TrislHCl buffer, pH 7.4, containing 0.01 M -M~C I ? and 0.15 M -N~C I . To this mixture 50 pl of sphingomyelinase [specific activity 0.03 units (mg protein)-'] was added. The mixture was incubated at 30 "C for 5 min. Lysis of cells was started by addition of adequate dilutions of CAMP factor. Lysis was followed by measuring the decrease in As46 in an Eppendorf photometer coupled to a chart recorder, using 1 cm light path cuvettes. The concentration of CAMP factor is proportional to the reaction velocity and was thus derived from the slope of the linear part of the haemolysis curves. One unit of CAMP factor is thus defined as that amount of protein which causes a change in A546 of 0.1 min-' at 30 "C.
R E S U L T S
Preliminary experiments with batch cultures have shown that THB supported growth more favourably than BHI as judged by the higher colony counts. Similar observations have been reported previously (van de Rijn & Kessler, 1980) . Therefore, THB was used exclusively for growth of S . agalactiae in fermenter experiments.
Among the factors which show considerable influence on the growth of S. agalactiae, limitation or exclusion of oxygen appears to be the most effective (Enfors & Molin, 1980; Pulliam et af., 1980) . Therefore, the influence of different gas atmospheres (air, COz, anaerobic gas mixture) on several growth parameters of fermenter cultures was studied.
The results in Fig. 1 show that cell growth varied with the different gas atmospheres. Clearly, use of CO-, resulted in the best growth of S. agalactiae as judged by the turbidity of the culture. Moreover, maximum activity of CAMP factor was found in the supernate of C0,-ventilated fermenter cultures (Fig. 2) . Bacterial growth to nearly the same extent was observed when the ferrnenter was ventilated with air (Fig. 1) ; however, almost no CAMP activity could be detected (Fig. 2) .
The yield of CAMP factor in the presence of nitrogen or the anaerobic gas mixture was about 60% of that found with CO, (Fig. 2; Table 1 A) . Thus, CO, was the gas of choice for growth as well as for CAMP factor production. The influence of glucose on growth and CAMP factor production was investigated (Table 1 B) in fermenter cultures continuously ventilated with air. Bacterial growth was relatively independent of the presence of glucose in terms of total numbers of c.f.u., whereas CAMP factor (Table 1 B) . Thus, the specific activity of CAMP factor in the culture supernatant varied by a factor of more than 100. During these experiments the pH was not controlled and dropped from 7.8 to 4.5. Significantly higher cell densities (up to an A 6 6 0 of 10) have been obtained when sterile glucose was added continuously during the exponential growth phase. The synthesis of CAMP factor, however, did not increase accordingly. Growth of S . agalactiae was increased when the pH was maintained at 6.2 by the addition of sterile 6 M-NaOH (Table 1 C) . Although A660 values of 4-5 were obtained, the specific activity of the CAMP factor did not increase accordingly. The highest specific activity of CAMP factor was obtained when cells were grown in the presence of C 0 2 in THB containing 2% glucose and at constant pH of 6.2 (Table 1D) . Streptococci usually grow in chains; however, the chain length tends to be inversely related to the adequacy of the culture medium (Davis et al., 1973) . Chain formation is usual in artificial media. Therefore, under optimal growth conditions the cocci tend to form shorter chains and mono-and diplococci predominate. A linear relationship is obtained if the absorbance of the culture is plotted against numbers of c.f.u. This is illustrated in Fig. 3 , where the A660 of different fermenter cultures is plotted against the number of c.f.u. ml-l. In the present experiments a linear response was obtained with culture densities of 4 x lo7 to 3 x lo9 c.f.u. ml-l.
H . H U S E R A N D O T H E R S
The results in Table 2 show that the percentage of monococci plus diplococci increased from 15 % at the beginning to almost 80% at the end of the exponential phase, when the S. agalactiae was grown in THB containing 2% glucose in the presence of C 0 2 . With the other gases this increase was much smaller, i.e. 24% in the case of nitrogen and 18% with the gas mixture.
D I S C U S S I O N
To our knowledge, reports studying the growth conditions of S. agalactiae have been rare in the literature (Mickelson, 1966 (Mickelson, , 1976 Bernheimer et al., 1979) . Thus, rigorous investigation of the production of high amounts of extracellular products by group B streptococci or high bacterial densities exceeding A660 values of 2.5-3.0 have so far not been reported. The growth conditions established in this paper resulted not only in high colony counts but also in maximal production of CAMP factor (Table 1D) . Moreover, CAMP factor production was roughly proportional to the increase in turbidity. The synthesis of the CAMP factor was comparable to the production of other bacterial extracellular proteins, as reported earlier (Glenn, 1976) . However, there was a pronounced dependence on the C 0 2 atmosphere and the glucose concentration.
In the past, streptococci have been grown mostly in small volumes and in flask cultures, and thus the conditions for fermenter growth have not been established. Although chemically defined media have been developed (Ogburn et al., 1958; Mickelson, 1964; van de Rijn & Kessler, 1980) for the growth of several streptococcal species, high colony counts and satisfactory CAMP factor production in fermenter cultures were obtained only using complex media such as THB or BHI supplemented with glucose. In addition, our results suggest that microaerophilic or anaerobic growth may be of greater importance with respect to CAMP factor production than minor changes in the glucose concentration, which, however, is growth limiting if available only at low concentrations (~0 . 5 % ) .
During the exponential growth phase the amount of mono-and diplococci increased in parallel with the culture densities. Thus, almost 80% of mono-and diploforms of cocci were found at the end of the exponential growth phase. The experiments, therefore, suggest that optimal growth in fermenter cultures was paralleled by high numbers of mono-and diplococci of group B streptococci. This work was supported by the Deutsche Forschungsgemeinschaft, Sfb 9, Technische Universitat Berlin, project D2. We would like to thank Giinther Koch and Thomas Kiihr for their skilled technical assistance. 
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